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Abstract. The proposed article is devoted to the description of an intelligent urban passenger transport system 
based on unmanned electric vehicles, sequentially moving along a separate line. This system is a passenger transport 
system of a new urban mobility, formed under the influence of social conditions generated by high population density 
in cities, that suppose the development of pedestrian zones and ecological modes of transport, "transport as a service", 
etc. In this historical context, public transport systems acquire special relevance. The described transport system be- 
longs to intelligent systems, since it is capable of functioning in autonomous mode without human intervention, adap- 
tively responding to changes in the dynamics of the flow of passengers during the day. Passengers are transported by 
electric cars, which can be combined into cassettes according to the principle of road trains based on the transportation 
plan drawn up by the intelligent center of the transport system according to the matrix of correspondences, filled in 
taking into account the incoming requests for service from passengers. When drawing up a transportation plan, the 
algorithms of the transport system give preference to transportation according to the "source-destination" principle, that 
is, when the passenger goes to the destination with a minimum number of intermediate stops, and ideally without them. 
The paper formulates also a criterion of arising of a conflict in the movement of vehicles, which allows to identify situ- 
ations when an electric vehicle driving in front can detain vehicles following after. The work has relevance because the 
criterion will allow to make adjustments in the schedule of movement of vehicles and exclude the loss of time and 
energy that carries the transport system during braking and acceleration of electric cars, as well as to reduce waiting 
time and travel of passengers. 

Keywords: intelligent passenger transport system; INFOBUS; transportation plan; correspondence matrix; 
cassette transportation; information and transport system; conflict-free movement. 


Anotauin. 3amponoHoBaHa CTaTTA IPHCBAYeHAa OMMCy iHTeeKTyasIbHOI MICBKOi MacaxkKUpCbKOI TpaHCcnopTHoi 
CHicTeMH Ha 6a3i Oe3I1JIOTHMX eIeKTpOKapIB, AKI MOC TOBHO 3{i/iCHIOIOTb pyx M10 BIOKpemueHili Hii. OnucaHa cuc- 
TeMa € MaCa@2KMPCbKOIO TpaHCIOPTHO!O CHCTeMO!0 HOBOI MICbKOI MOOWIBHOCTI, IO (POPMYETHCA Mi] BIVIMBOM COMiasIb- 
HMX YMOB, MOPOJPKeCHMX BHCOKO!0 UIWIbHICTIO HaCeJICHHA B MICTAX, 1Ka Oye IpHIyCKaTM POSBUTOK MLMOXiHUX 30H 1 
CKONOTIYHHX BIB TpaHCHopTy, HalIpHka, «TpaHCcnopT AK Mociyra» 1 T. 1. B wbomMy icropH4HoMy KOHTeKCTI HaOy- 
BatOTb OCOOJMBOI AKTYaIbHOCTI TpOMaACbKi TpaHCHOpTHi cucTemu. OnncaHa TpaHCnopTHa CHicTeMa BiJHOCHTECA JO 
IHTeJICKTYAIbHHX CHCTeM, TaK AK 3aTHa (PyYHKIOHYBaTH B ABTOHOMHOMY pe2%KUMI, 6e3 y4acTi JKOAMHH, ajalTHBHO 
pearyioun Ha 3M1Hy aMHaMiKH HOTOKY laca@kKupis mpoTaroM 10On. IlepepeseHHsA MacaxKupiB 3MCHIOETBCA CJIEKTPOKa- 
paMH, AKi MOKyTb OO'eAHYBaTHCA B KAaCeTH 3a IIPHHIUMIMOM aBTONOI3{1B Ha OCHOBI CKIaeHOro iHTeJIeKTYaJIbHUM LeHT- 
POM TpaHCHOpTHO! CHcTeMH IvIaHy MepeBe3eHb, 10 MaTPHI{i KOPeCHOH CHIH, WO 3aMOBHIOETLCA 3 ypaXyBaHHAM 3as- 
BOK Ha OOcJIyroByBaHHA Bia Macaxupis. pu ckaqanHi WiaHy WepeBe3eHb asIropHTMaMu TpaHCHOpTHoi CHCTeMH BiJI- 
Ja€TbCA lepeBara NepeBe3seHHAM 3a TIPHHUMNOM «JpKepes0-NIpH3HayeHHA», TOOTO KOJIM MacakUp IIpaAMye NO IWyHKTy 
IIpH3Ha4eHHA 3 MIHIM@JIbHO!O KWIBKICTIO IPOMDKHUX 3YMHHOK (a B igeami — 6e3 HX). Tako (POPMyIIOETECA KpuTepili 
CTBOpeHHA KOHDJUKTY pyxy TpaHCcHoOpTHHX 3acoOiB, WO JO3BOJIN€ BHABHTH CHTyalli, KOM esIEKTPOMOOLIIb, WO ie T0- 
Tlepeyy, MOxKe 3ATPHMaTH TpaHCnopTH! 3acoOu, AKi HAyTb 3a HUM. PoOoTa Mae aKTYaJIbHICTb, Tak AK Wei KpHTepilt W0- 
3BOJIMTb BHOCHTH KOpHTyBaHHa B rpadik pyxy TpaHCnopTHHXx 3acoOiB i BUKIIOUaTH BTpaTH uacy i eHepril, AKi Hece 
TpaHCHopTHa CHCTeMa IIpH TaIbMyBaHHi 1 PO3TOHi eJIeKTPOKapiB, a TaKOXK 3HM3HTM 4ac OUIKyBaHHA 1 NOi3qKH 
TlacaxKupiB. 

Karo4uosi copa: iHTeseKTyaIbHa WacaxkupcbKa TpaHcnoptHa cuctema; IHDOBbYC; nan nepepe3seHHs; MaT- 
PHA KopecnoHAeCHUii; KaceTHI NepeBe3eHHA; iH:popMalliMHO-TpaHcnopTHa CHcTeMa; OesKOHIKTHHH pyx. 
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Introduction 

According to sociological forecasts, the 
process of urbanization of the human popula- 
tion in the world will acquire such propor- 
tions that by 2030 the urban population will 
account for 70 to 80 percent of all its inhabi- 
tants, which will require a principles revision 
of the functioning of many urban infrastruc- 
tures, including urban passenger transport 
systems. The paradigm of urban mobility by 
G. Ford, based on the concept of "transport 
independence of households," will be re- 
placed by the paradigm "Mobil — as-a-Ser- 
vice", which considers transport as a service. 

In other words, in conditions of high 
population density, the dominant place will 
be occupied by public transport systems that 
provide comfortable transportation for pas- 
sengers, comparable to a trip in private trans- 
port. The intensive development of informa- 
tion technologies that are combined with the 
increasing capabilities of computer hardware, 
makes it possible to effectively use intelligent 
algorithms to control urban transport, giving 
impetus to the development of intelligent 
transport systems[1-8]. 

The proposed article describes the ope- 
ration principles of an intelligent transport 
system for urban passenger transportation, 
based on the use of unmanned vehicles mo- 
ving sequentially along a dedicated lane, if 
possible, without delaying each other, and 
carrying passengers according to the trans- 
portation plan drawn up by the control server 
of the transport system based on the requests 
from passengers. And also the criterion is for- 
mulated that makes it possible to determine 
the appearance of a motion conflict of the ve- 
hicles. The motion conflict means a situation 
when a vehicle in front can detain a vehicle 
following it. 

The intelligent passenger transport 
system and principles of its functioning 

The Intelligent Urban Passenger Trans- 
portation System includes the following 
components: 

— stopping terminals with the function of 
paying for travel and collecting passenger 
requests for service. Passing through the 
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terminal, the passenger pays for the trip 
and indicates the stop to which he wants to 


go (Fig. 1). 


Fig. 1. Stopping terminals on station point 


the control server of the system that rece1- 
ves passenger requests from the system’s 
terminals and records these requests in the 
correspondence matrix M, (Fig. 2). Each 
element mj of the matrix indicates the 
number of passengers who made a request 
from stop / to travel to stop j,i, j = 1... k, 
where k is the number of stops in one di- 
rection of the route. The matrix of corres- 
pondences accumulates information about 
applications until the condition of starting 
the preparation of the transportation plan 
[9-12] occurs, after which the matrix re- 
ceives a unique index Z = /,2,.... The ser- 
ver begins to form the next matrix of cor- 
respondences and at the same time draws 
up a passenger transportation plan based 
on the fixed matrix M, according to the se- 


lected algorithm. 
Om, My we we MM, we My 
0 O my, we we MM, we My, 
M,=|0 .. O m, .. m, .. mM, 
Oo te ie - wae ae ale sOi dng 
0 i ate 8. LO 


Fig.2. The correspondence matrix M, 


a fleet of unmanned vehicles are called in- 
fobuses. Infobuses move along a dedicated 
line (rail), thus in the case of crossing inter- 
sections along overpasses or underground 
tunnels, they are a high-speed type of tran- 
sport with medium or high priority 
(Fig.3 a, b) [13]. 
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a) on overpasses 
Fig. 3. The crossing ways of intersections 


Assembly Point 1 


The Electric cars 
charging Point 


b) in tunnels 


Assembly Point2 


Transport 
circulation Stop 
route 


Fig. 4. Regular route of infobuses motion 


regular route (Fig. 4) along which info- 
buses move are controlled by their com- 
puter. Infobuses can move autonomously 
or in cassettes using virtual couplings si- 
milar to road trains [14] (Fig. 5). The info- 
bus receives and executes the passenger 
transportation plan from the transport sys- 
tem control server 


cording to a certain algorithm depending 
on the current transportation volume. The 
passenger transportation plan is always 
drawn up so that only the required number 
of vehicles is sent to the route, slightly 
overlapping the volume of applications are 
recorded in the system by the time the ve- 
hicle appears at the stop. The passenger 
transportation plan implies that the infobus 
will receive a unique number and a set of 
stopping points at which the vehicle will 
stop [9-12, 15] for embarking or disem- 
barking passengers. 

The criteria for determining the conf- 


lict of following in the implementation of 
the transportation plan 

Drawing up a transportation plan con- 
sists in defining for each infobus its unique 
identifier mn € N within this plan. As well as 
the set of stops/J,, to which it will take pas- 


Fig. 5. Infobus and cassette 


— the passenger transportation plan is built 
using the correspondence matrix Mz ac- 
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sengers. After receiving their transportation 
plan the vehicles go to the line to execute it 
and move sequentially one after another on a 
dedicated lane. 

During the movement of infobuses, 
there may be motion conflicts, that is, situa- 
tions when the vehicle in front detains the 
next one. Such conflicts are possible only on 
stops of the front-going infobus at which the 
infobus behind-going it should not stop. 

Road span 1; will mean the distance 
between two adjacent stops i and i+/, 
i=1,k-1. 

The idle time at a stopping point tst is 
the time is spent by infobuses for embarking 
or disembarking passengers. This value is the 
same for any infobus. 

All infobuses move at the constant 
speed v, so they overcome the same road 
span at the same time. 

Let's denote as -t/ the time of infobus n 


arrival according to the transportation plan to 
stop j, j =2,k. This value consist of the total 


time is spent on overcoming previous road 
spans and the total time are spent on previous 
stops (without stop j). And it may be deter- 
mined by the following ratio: 


ot (1) 


where q’ € N means the number of previous 
stops are made before stop j. The product of 
values q’ -t,, determines the cumulative time 
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are spent at the previous stopping points 
before the stop j and will be named as accu- 
mulated idle time on arrival. So, the depar- 
ture time from the stop 7 will be determined 
by the following ratio: 


yl 


t= 4G, +) by (2) 


where (q/ +1)-t,, is the time of accumulated 


idle time with a stop j. It is called the time of 
accumulated idle time right after departure. 

A motion conflict occurs when the after 
infobus with number n+/ appears at a station 
at which it should not stop according to the 
transportation plan and the previous infobus 
with number n has not yet left it. This condi- 
tion can be described by the following ratio: 


5 tut ole YL, 
to <t-=—4+¢q),xt,-—- (3) 


n+l st 


; Vv Vv 
—(q' +1)xt, =q',,xt,-—(q) +1)xt, <0. 


Using relation (3), it is possible to for- 
mulate a criterion of arising the motion 
conflict of infobuses on a dedicated lane: the 
motion conflict arises when the accumulated 
idle time on arrival of the next infobus (with 
a number n+) is less than the accumulated 
idle time right after to departure of the 
previous infobus (with a number n). 

For example, let's consider the situation 
when the direction of the route consists of 


seven stops (Fig. 6), ie. kK=7. Li =1,6.. = 
road spans of the route. ts; = 20s. All road 
spans are overcome during 20 s. 


Fig. 6. One route direction 


Let's suppose, that for the first row of 
the correspondence matrix Mz looks like 


(0 Mm, Mz; My, Ms Me m,). 


The control server has drawn up the fol- 
lowing passenger transportation plan: infobus 
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7; will take passengers to stops J, = {4,5,6} 
and infobus 2; to stops J,, = {2,3,7} (the sub- 


script in the designation of infobuses numbers 
indicates the initial stop. In example case it is 
the first stop of the route). These infobuses 
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leave the assembly point as a cassette and load Table 1 contains formulas for calculating the 
people at stop 7. At stop 2, infobus 27 sepa- arrival time for infobus 27 and departure time 
rates from the cassette for disembarking pas- for infobus /;, as well as the difference bet- 
sengers, and infobus /; continues to move at ween these values at stops J, = {4,5,6}. 


stop 4. The motion conflict is possible at 


infobus 1; stops, i.e. at stops J, ={4,5,6}. 


Table 1. Arrival/departure time at stops J, = {4, 5, 6} 


Station 
j=4 j=5 J=6 
Time 

; x1 pay XL 

ts 3 42x ty 4 42x E 5 42x ts 
Vv Vv Vv 
t! zi DI DI 

4 ae t, aera Yee t, 5 43x t, 
Vv Vv Vv 

j j 
wt, ~ f, q ty 0 -t,, 


It can be seen from the table that at 
stop 5 the infobuses will be connected into a 


transportation plan must transit this stop. The 
infobuses motion chart (Fig. 7) confirms the 
conclusions. 


cassette, and at stop 6 there will be a motion 
conflict because infobus 27 according to the 
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Fig. 7. The chart of infobuses motion 
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Conclusion 

The paper formulates a criterion for the 
onset of a conflict situation in the movement 
of unmanned vehicles during implementing a 
transportation plan of passengers using an in- 
telligent urban passenger transport system. 
This criterion allows you to identify, and 
therefore eliminate, potential motion delays 
of one vehicle by another, which gives such 
obvious benefits as reduced energy consump- 
tion during braking and accelerating a ve- 
hicle, the time passengers waiting at the 
stops, and their travel time. 
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